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I.    INTRODUCTION


The main objective of the use of GPS to measure surfaces of cultivation parcels is to reduce the cost of agricultural surveys. The joint Workshop FAO/PARIS21 for the strengthening of agricultural statistics systems in Africa in Maputo (Mozambique) in October 2005, as a prelude to the 19th session of AFCAS, had recommended the continuation of complementary experiences in the field on the use of GPS to measure parcels’ surfaces.

Thus, having presented briefly the general aspects of GPS, and recalled the main conclusions on experience in the field already conducted on the use of GPS, this document states on the progress of complementary experiments in the field on the use of GPS to measure surfaces of cultivation parcels conducted by the FAO since the 19th session of AFCAS, as well as the follow-up actions to be undertaken.
II.
GENERALITIES ABOUT GPS


The GPS (Global Positioning System) is a positioning and localisation system by satellite. The accuracy of a GPS receiver depends on several factors: Technology used; Number and condition of “visible” satellites; Atmospheric conditions and close surroundings; Model of receiver. The various navigation systems available by satellite today are: WAAS “Wide Area Augmentation System USA” enables to improve the accuracy and reliability of GPS. Better accuracy in position (< 3 meters in 95% of cases); EGNOS “European Geostationary Navigation Overlay Service” with a better accuracy from1 to 5m, and the future Galileo project; Russian GLONASS “Global Orbiting Navigation Satellite System”; MSAS “Japanese Multi-Functional Satellite Augmentation System”.
 
The main manufacturers of this type of equipment are: Garmin, Magellan, Trimble, Fortuna, Thales, Lowrance, Satcon, Navman, Tomtom, Holux, Haicom, Navigon, etc. 

There is a varied range of GPS receivers according to different uses. However, for the application in the agricultural surveys, it is recommended the use of GPS devices that calculate directly the surface of parcels, with no other accessory (with the simple principle, which is to go around the parcel GPS turned on and at the end of the loop the area can be viewed on the screen of GPS in the unit of measure chosen). The models of GPS receivers (with an application for calculating the surface) with a better price / performance ratio (≤ 300 Euro) are as follows:
-  
GPS Garmin 60: memory capacity 1 MB, compatible WAAS / EGNOS, new generation, 2 batteries, duration 28h. 
-  
GPS Garmin eTrex Venture: memory capacity 1 MB, compatible WAAS / EGNOS, 2 batteries, duration 20h.
-  
GPS Garmin 72: memory capacity 1 MB, compatible WAAS / EGNOS, 2 batteries, duration 28h (replacing the Garmin 12).
-  
GPS Garmin 12: Not compatible WAAS, 4 batteries, duration 24h.
- 
GPS Magellan eXplorist 400: large memory capacity 8 MB, compatible WAAS / EGNOS, rechargeable battery duration 14h

- 
GPS Fortuna GPSMART BT (Autonomous Bluetooth): memory capacity 2 MB, non-compatible WAAS, 3 batteries duration 10h.
III. 
REMINDER OF MAIN CONCLUSIONS OF THE EXPERIENCE IN FIELD ALREADY CONDUCTED ON THE USE OF GPS 
This part recalls the main conclusions and lessons to draw from the various field experiences already achieved on the use of GPS for measuring surfaces of parcels. They concern the following countries and organizations: Uganda, Mozambique, FAO, CIRAD, USDA, and other specialists.
3.1.
Uganda (GARMIN 12)

a. Conditions of the experience : Uneven ground, wet, steep gradient, shade of the trees’ leaves.
b.  Conclusion:
- 
Very close and successful results of the two approaches (GPS and Band-magnet) 

- 
Unreliable and contradictory estimations results made to the naked eye by the investigator and the    operator. 
- 
Variability of results between different GPS equipments.
- 
Faster measures of surfaces with GPS for a cost enough comparable to the band-magnet.
- 
Difficulties to get and receive signals from all satellites without interruption.
- 
Recourse to the use of rechargeable batteries to reduce costs
- 
Recourse to the GPS equipment with an external antenna device for extreme conditions. 
3.2.
Mozambique (GARMIN eTrex Venture)

a. 
Methodological approach: A combination of the two approaches (GPS and Band-Magnet). 

b. 
Conclusion :

-     
More the size of the parcel is large, the better the accuracy is with GPS.
-     
The use of GPS is not appropriate for small parcels.
-     
Distinct reduction of time (at least 60%) for the measurements of surfaces.
3.3.
FAO (GARMIN eTrex)

a. 
Conditions of the experience: Good visibility. Uncovered parcel. Land relatively flat.
b. 
Methodological approach: A combination of the two approaches (method of triangulation and GPS).
c. 
Conclusion: 
-  
Rapid measurements of surfaces, not very accurate for small parcels.
- 
Combination of two approaches: Band-magnet for small parcels and GPS for large parcels 

3.4.
USDA Forest (GARMIN eTrex, GARMIN GPSIII Plus, MAGELLAN 2000XL, MAGELLAN Blazer)

a. Conditions of the experience: Poor visibility (under the forest vault and on flat ground) and Good visibility (in the open air and without obstructions). Dry weather.
· Conclusion :

· Accuracy acceptable on the open site.
· Significant decrease in the accuracy on the site covered by the forest.
· Increase the number of measures in places covered by the forest.
3.5.
CIRAD - France: Experience of a trainee in the Vanuatu (GPS Garmin 72)

a. Conditions of the experience: Melanesian Gardens in the semi forest area.
b.  Methodological Approach: Comparison of two methods (triangulation and GPS).
c. Conclusion :

· Excellent Correlation on surfaces from 0 to 5000m2; fairly good on small parcels (<500 m2).
· Weak precision of GPS measurements taken when the distance between two points is close (some tens of meters).
3.6.
CIRAD - France: Experience of a user caver (Grenoble / France) (Garmin GPS 12XL with an optional external antenna)
a. Conditions of the experience: Against a cliff and in forest.
b. Conclusion :

· Against a cliff:  Half of the sky is hidden and GPS gives a less good position
· In the woods: moving in front of tree trunks cuts the signal and the GPS has difficulty in giving its first position.
·  There must be at least 4 Satellites and be spaced from each other to give an accurate position.
· The external antenna is very useful to optimize the reception of satellites.
· GPS Garmin 12XL consumes a lot of batteries.
IV. COMPLEMENTARY IN FIELD EXPERIMENTS ON THE USE OF GPS TO MEASURE SURFACES OF PARCELS CONDUCTED BY FAO SINCE THE 19th SESSION OF AFCAS 

As it was recommended by the 19th session of AFCAS, the FAO Statistics Division has followed in Niger, Senegal, Cameroon, and Madagascar the complementary pilot experiences on the use of GPS to measure the surfaces of cultivation parcels with a view to reducing the costs of agricultural surveys. 

The methodological approach consisted on one hand in the simultaneous use on the same parcels of GPS and the traditional method Band-Magnet and on the other hand the estimation to the naked eye of the investigator from the agricultural statistics service and the operator. The measurements of surfaces have beard on small and large parcels.
Five GPS receivers have been used, namely: Garmin 60 (about 250 Euro), Magellan eXplorist 400 (about 335 Euro), Garmin 72 (about 220 Euro), Garmin 12 (about 200 Euro) and Garmin eTrex Venture (about 230 Euro). 1679 measurements of the surfaces have been achieved on 207 parcels under different conditions (poor visibility under the forest vault, good visibility in the open air, feet and hill side, plain and marshes).
At this stage, pending the final results of the complementary pilot experiences (Niger, Senegal, Cameroon and Madagascar) on the use of GPS to measure the surfaces of parcels, accompanied by recommendations, as well as graphs and tables supporting the analysis, which will be available in 2008, at the end of data analysis currently underway at FAO headquarters in Rome, an initial following assessment can be established.

4.1.
Links between accuracy of GPS measurement and the type of coverage
For a given parcel, the measuring of the surface with GPS gives a better accuracy if there is a good visibility (open air). The bad visibility caused by the shade of trees leaves plays negatively on the accuracy.
4.2.
Links between the type of GPS receiver and precision
If there is a good visibility (open air) Garmin GPS 60, Magellan eXplorist 400 and Garmin 72 receivers give similar results.
If there is a bad visibility (shade of foliage), the precision is not good whatever the GPS (Garmin 60, Magellan eXplorist 400 and Garmin 72). There are in the market expensive and appropriate receivers to be used under the forest vault, but they do not meet the concern about the cost reduction in agricultural surveys in African countries.
4.3.
Links between the repetition of actions and precision
The same parcels have been measured two to three times with the same GPS receiver and under the same conditions. The result is that it is not necessary to multiply the GPS measurements to get good precision.
4.4.
Links between precision and the size of the parcel.
The measurement of small parcels surfaces, although fast with the GPS, does not give a good accuracy. One also notes a low precision of the measurements taken by GPS when the distance between two points is close (less than ten meters). However, compared with small parcels, whatever GPS is used, the accuracy is better on large parcels.
4.5.
Links between GPS and the speed of measurement  
One spends less time to measure the surface of a parcel with the GPS than with the traditional method band compass, whatever the type of GPS receiver tested. This time is widely reduced on the large parcels.
The GPS Magellan 400 is the receiver which raises more problem of manipulation by investigators. The Garmin GPS 60 is the easiest to handle. There is an increase in the number of errors due to the recording of the parcel side with GPS GARMIN 72.  
4.6.
Links between the GPS measurement and the investigator and the operator declaration
The estimation of the parcel surface by the investigator is bad, as for the farmer he has no idea of the said surface. 

4.7.
Preliminary Conclusions
· An important aspect is that with a comparable accuracy with the traditional methods, there is a substantial reduction in working time of the investigator with the recourse to GPS (Substantial reduction of time for measurements of surfaces with the GPS on large size parcels).
· Good visibility (open air): better accuracy in using GPS for measuring the surface of a parcel.
· Bad visibility (shade of foliage): Accuracy of GPS is not good.
· The multiplication of measurements of the surface on the same parcel with GPS does not necessarily improve accuracy.
· Of the three main GPS receivers tested (Garmin 60, Magellan eXplorist 400 and Garmin 72), the easiest to handle is the Garmin GPS 60.
· Whatever GPS used accuracy is better on larger parcels than on small parcels. 
· Increased number of errors due to the recording of the parcel sides with GPS GARMIN 72.
· Incorrect estimation of the surface of the parcel by the operator, and to a lesser extent by the investigator.
V.    
FOLLOW-UP

Follow-up actions should include:
· Continuation of analysis work of complementary field experiments data (Niger, Senegal, Cameroon, and Madagascar).
· Collection of the documentation from other existing field experiences.
· Elaborating a detailed reference document on the use of GPS for measuring the surfaces of cultivation parcels in the agricultural surveys with a view to reducing the costs of agricultural surveys (with, objectives, methodology, training program, selection of GPS receivers, environment of the test, answers to outstanding questions, expected results, conclusions and recommendations, technical and financial means, partnerships FAO, CIRAD, USDA, Michigan State University, Statistics Norway, etc.
· Organizing a consultation of high-level and world renowned experts which could be held on the subject in order to validate the survey (reference document), and draw conclusions and recommendations scientifically unimpeachable.
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